Purpose Several culture media are available to be used in ART. However it is uncertain whether embryos would preferably benefit from one type of medium or the association of different media. Methods We performed this study to evaluate the impact of simultaneous transfer of embryos independently cultured in two distinct culture media, on pregnancy outcome. A total of 722 couples who underwent infertility treatment were sequentially allocated into three groups: those who had half of the embryos individually cultured in MEM and the other half cultured in sequential media (MEM + Seq Group) (n0 243); those who had all embryos cultured only in sequential medium (Seq Group) (n0239); and those who had all embryos cultured only in MEM (MEM Group) (n0240). Results The pregnancy rate was higher in the MEM + Seq group (51.8 %) than the Seq group (36.7 %) (p<0.001). However the pregnancy rate observed in the MEM group was similar to the others (44.2 %). When a logistic regression test was applied it demonstrated that the number of transferred embryos did not interfere in the pregnancy rates. Conclusions Our results suggests that offering different culture conditions for sibling embryos with subsequent transfer of embryos that were kept in distinct culture media, might increase pregnancy rates in assisted reproduction cycles.
Introduction
One of the most important steps during assisted reproduction treatment is the adequate culture of embryos. Several culture media protocols have been formulated to this date, which are currently used in assisted reproduction centers worldwide [1] [2] [3] . The main purpose is to improve embryo development in vitro by mimicking their physiologic environment in the female reproductive tract, also regarding their biochemical, genetic and epigenetic developmental control.
The first culture media used in IVF cycles were minimum essential media (MEM) and were basically composed of salts, glucose and phenol red. The media were then supplemented with pyruvate and albumin [4, 5] . Other ingredients, such as taurine, EDTA, magnesium, citric acid and alanyl-glutamine were also added to the medium in order to enhance optimal culture conditions and improve embryo viability [6] . Later, sequential culture media were formulated and they presented differential composition according to the developmental stage of the embryo and its dynamic metabolic requirements [1, 7, 8] . In these culture media protocols, the first medium composition is based on the levels of carbohydrates present in the Fallopian tubes; the second medium is based on the levels of carbohydrates present in the uterus, and it also contains essential and non-essential amino acids, as well as vitamins, that enhance blastocyst formation and differentiation [8] .
In spite of the current advances in the formulation of complex culture media, there is no consistent evidence that one protocol is substantially superior to the others, concerning in vitro embryo development and pregnancy rates. Moreover, the assumption that one specific ingredient would be harmful to the preimplantation embryo, regardless of its concentration and interactions in the medium, is still speculative [4, 9] . Different sequential culture protocols have been extensively tested for comparison purposes, in order to increase the ability to maintain in vitro embryo viability through the preimplantation period [10] [11] [12] [13] . Nevertheless, it is uncertain whether embryos would preferably benefit from one type of medium in detriment of others or even if successful pregnancy rates would increase when combining different media composition, as distinct embryos may present unique metabolic needs.
Therefore, the objective of the present study is to evaluate whether the use of two distinct culture media (essential and sequential) in the same assisted reproduction treatment cycle affects pregnancy outcome, when at least two good quality embryos, one from each culture media, are simultaneously transferred to the uterus.
Materials and methods
This prospective study included a total of 722 couples who underwent infertility treatment through assisted reproduction technique from January 2007 to July 2008. The couples were sequentially allocated into three groups: those who had half of the embryos individually cultured in MEM and the other half cultured in sequential media (MEM + Seq Group) (n0243); those who had all embryos cultured only in sequential medium (Seq Group) (n0239); and those who had all embryos cultured only in MEM (MEM Group) (n0240). This study was approved by our institutional ethics committee according to the code of ethics of the Conselho Federal de Medicina (Brazilian National Medical Council).
Ovulation induction
All patients had the same protocols for ovulation induction, using the same hormones and the same criteria for dose tailoring. Only patients undergoing first or second cycles were included. Ovulation induction was performed using long protocol or antagonist protocol.
For long protocol, treatment started with subcutaneous administration of 3.75 mg of gonadotropin releasing hormone (GnRH) agonist (Lectrum, Sandoz, Brazil) for suppression of pituitary function [14] . To confirm down regulation, serum oestradiol concentrations and vaginal ultrasound were performed~10 days later. If the oestradiol concentration was <30 pg/ml and the ultrasound showed an endometrial thickness of <3 mm, patients were considered ready to start ovulation induction. After confirmation of suppression, patients underwent ovulation induction with daily recombinant FSH (rFSH; GonalF, Serono, Brazil) subcutaneous injections. The starting dose was defined according to the patient's age, i.e. 225 IU for <35 years old, 300 IU for 35-37 years old and 375 IU for >37 years old. Antagonist protocol was indicated for patients >40 years old or poor resonders, treatment started on day 2 of menstrual cycle using rFSH. When follicles reached 14 mm, patients started GnRH antagonist (Cetrotide, Serono, Brazil) treatment associated to rFSH. The dose of rFSH was tailored according to the ovarian response measured by oestradiol serum concentrations and follicular growth monitored by vaginal ultrasound. Oocyte maturation was induced with recombinant human chorionic gonadotrophin (250 μg, hCG; Ovidrel, Serono, Brazil) when at least two follicles reached a mean size of 17 mm with concordant oestradiol levels (~200 pg/ml).
In vitro fertilization, embryo culture and transfer Oocyte retrieval was performed~34 h after hCG injection by vaginal ultrasound guided aspiration. Oocytes were transferred to 1 ml tubes (Falcon-BD, USA) containing culture medium. In the MEM + Seq group, oocytes were allocated in either MEM or sequential medium. In the MEM group and Seq group, all oocytes were allocated in the respective culture medium. After 5 h all metaphase II oocytes were inseminated by ICSI, as previously reported [15] .
On the following day, i.e. 17-19 h later (day 1), the oocytes were checked for normal fertilization by the presence of two pronuclei. The embryos were cultured at 37°C in a Petri dish (Falcon-BD, USA) under mineral oil (Sigma), under a gas phase of 6 % CO 2 and were checked daily for classification based on standard morphological parameters until transfer [16] . The MEM used was Earle's Balanced Salt Solution (EBSSSigma, USA), supplemented with 10 % substitute synthetic serum (SSS) and 0.47 mM pyruvate; the sequential culture media used was composed by two culture media-G-IVF (Vitrolife, Sweden) for gamete manipulation and G1 (Vitrolife) for embryo culture up to day 3. All embryos were transferred in G2 medium (Vitrolife). These culture media were supplemented with human serum albumin (HSA-Vitrolife).
On day 2 or 3 after oocyte retrieval, the embryos were examined and a maximum of four were selected for embryo transfer, depending on the patient's age and embryo quality. Patients <30 years received 2 embryos, ≥30 and ≤35 received 2 for first attempt and 3 for second attempt, >35 and ≤40 received 3 for the first attempt and 4 for the second attempt, and those ≥40 years old received 4 embryos when available. Patients of the MEM + Seq group received at least 1 embryo that was cultured in each culture media. All embryo transfers were performed using a soft transfer catheter (Sydney IVFCook-Austrália) under transabdominal ultrasonographic guidance. In all cases the luteal phase was supported with vaginal progesterone (Crinone-Serono, Brazil) starting on the evening of day 1 after oocyte retrieval [17] . Embryos not selected for transfer were cryopreserved on the same day. Serum β-hCG was measured 14 days after oocyte retrieval. Confirmation of pregnancy was made by vaginal ultrasonography at 2 and 4 weeks, when a fetal heart beat was observed. All pregnancies were followed at least for 20 weeks. The primary outcome measurement considered for analysis was the pregnancy rate, defined as the percentage of pregnancies with a fetal heart beat per embryo transfer.
Statistical analysis
Statistical analysis was performed using Chi-squared test associated to the Bonferroni correction method to compare pregnancy rates among the three groups. Analysis of variance was used to compare the number of oocytes, good quality embryos and transferred embryos. Duncan's multiple range test was applied when significance was observed. A model of logistic regression evaluated the interference of these factors on pregnancy rates. A sample size of 300 cycles in each group was estimated in order to obtain an increase of 10 % on pregnancy rates with α00.05 and β0 0.20. Difference was considered significant when P<0.05.
Results
The mean age of the patients, the BMI, the cause of infertility, the duration of ovulation induction and the total rFSH dose was similar in the three groups ( Table 1) . The number of patients undergoing ovulation induction with antagonists was similar in all three groups.
The mean number of Metaphase II oocytes retrieved in the MEM + Seq group and in the seq group was similar and significantly higher than the observed in the MEM group (p <0.001). The number of patients that received day 3 embryo transfer was similar in the three groups (81, 80 and 80, respectively for MEM + Seq, Seq and MEM group). The mean number of good quality embryos (grade I/II) in the MEM + Seq group and in the MEM group was similar and significantly higher than the observed in the Seq group (p< 0.001). The mean number of transferred embryos in Seq group and in the MEM group was similar and both were significantly lower than the observed in the MEM + Seq group (p<0.001). The pregnancy rate was higher in the MEM + Seq group than the Seq group (p<0.001). However the pregnancy rate observed in the MEM group was similar to the others (Table 2) . When a logistic regression test was applied it demonstrated that the number of transferred embryos did not interfere in the pregnancy rates.
Discussion
The recent advances achieved in the culture of preimplantation embryos in vitro and the development of new culture media has led to improvements in the culture protocols used in assisted reproduction [3, 4] . Two different culture protocols have been used, simple protocols containing essential media and sequential protocols. The present study evaluated the effects of culturing embryos from the same assisted reproduction treatment cycle in two different culture media and compared the results to cycles in which embryos were culture in one culture media.
As patient characteristics were similar in all groups we consider that the main difference in the results was based on the effect of the different culture media used for embryo culture in the different groups. Also, we did not compare embryo transfers performed on day 2 to those performed on day 3, as the results observed in our center are historically the same for both situations, in accordance to the described by others [18, 19] . Our results showed a higher pregnancy rate in the group of patients that had at least one transferred embryo that had been cultured in each culture media. The difference is probably due to the exposure of the transferred embryos to different metabolic environment. Also, these results suggest that distinct embryos from the same couple may present unique physiological needs during preimplantation development, an aspect that highlights the importance of providing different conditions or metabolic choices in the microenvironment in which embryos are maintained until transfer to the uterus. This is in agreement with Pomeroy et al. [20] that described a higher pregnancy rate for embryo transfers performed with embryos that were culture in both sequential and nonsequntial culture medium, when analyzing 144 patients. Also, Wirleitner et al. [21] retrospectively studied 286 cycles and described that the transfer of two embryos where one embryo was cultured in a different culture medium from the other embryo, resulted in a significantly higher rate of twin pregnancies. The essential medium is composed of salts, glucose and was supplemented with pyruvate. Nitrogen source is provided by supplementation with substitute synthetic serum (SSS). The sequential media, however, provided more complex energy pathways, which included pyruvate, lactate and glucose, as well as amino acids as nitrogen source. In addition, it was supplemented with human serum albumin. The addition of nitrogen sources for embryo culture is not a consensus as some authors [22] suggests it is not fundamental for the adequate embryo development. Others [23] support the inclusion of all 20 amino acids to the culture medium at physiological levels, to let the embryos choose which to consume. Also, some changes in the pattern of amino acid turnover throughout human preimplantation embryo development in vitro have been described [24] .
Concerning energy pathways, it has been demonstrated that from zygote to eight-cell stage, pyruvate is the main source used by the embryo to produce ATP [25] [26] [27] . Also, its uptake decreases after eight-cell stage while an increase on glucose uptake is observed [27] . Although some authors [28] suggested that the presence of glucose might compromise the viability of embryo development in vitro, our results corroborate the findings of Barak et al. [29] and Macklon et al. [30] , that demonstrated that glucose does not necessarily inhibit early embryo development, as both culture media used in the our study had glucose in its composition, and good quality embryos were similarly obtained in all groups.
In summary, our results suggests that offering different culture conditions for sibling embryos with subsequent transfer of embryos that were kept in distinct culture media, might increase pregnancy rates in assisted reproduction cycles. Further randomized and controlled studies are necessary to confirm our findings. 
